failure, hypertension, and so on. The prior study revealed that contrast media (CM) volume was one of the strongest predictors of mortality in patients undergoing cardiac catheterization, and it was irrespective of contrast-induced acute kidney injury (CI-AKI) development. It is known that contrast agents have hyper-osmotic compounds, and they contact endothelial cells. Use of CM directly acts on the endothelium and inhibits nitric oxide (NO) production and also causes changes in intracellular pH, mitochondrial dysfunction, and apoptosis. [4] [5] [6] [7] The high volume of CM was found to be a predictor of mortality regardless of the complexity of coronary artery disease and fragility of patients. The previous studies recommended the use of maximal acceptable contrast dose to determine the threshold for safe contrast exposure customized for each patient. [8] However, its utilization is still confined to clinical research and is infrequently applied in clinical practice. [9, 10] In this study, we aimed to reveal the relation between the amount of CM given during cardiac catheterization and prognosis in patients diagnosed with CVD. We also conducted the study to assess whether the contrast dose was good at predicting 1-year clinical outcomes.
Methods

Study design
The optimizing antiplatelet therapy in patients with coronary artery disease (OPT-CAD study, Clinicaltrials. gov identifier NCT01735305) registry cohort (the study cohort for our analysis) included patients undergoing PCI in a large registry in 109 hospitals in China. It is a prospective, observational, physician-initiated noncompany sponsored multicenter registry that enrolled consecutive patients undergoing their antiplatelet therapy both outpatient and hospitalized patients with coronary heart disease among 109 centers in China from September 2012 to 2013 (The 109 centers seen: https://www.clinicaltrials.gov/ct2/ show/study/NCT01735305?term=opt+cad& rank=1&show_ locs=Y#locn). Data for all patients undergoing coronary angiography/percutaneous coronary intervention (CAG/PCI) at the participating hospitals were collected with standardized data collection forms. Baseline data include clinical, demographic, procedural, and angiographic characteristics as well as medications used before, during, and after the procedure and clinical outcomes at 1-year follow-up. Follow-up events were carefully monitored and recorded by trained physicians or nurses through office visits and telephone interviews at 1, 3, 6, and 12 months after CAG.
Ethical approval
All data elements have been prospectively defined, and the protocol was approved by every local Institutional Review Board. The relevant review board or the Ethics Research committees of all 109 participating centers approved the study. Patients gave informed consent to be available for regular follow-ups and telephone checkups for follow-up after discharge. The study was conducted in accordance with the Declaration of Helsinki and was approved by the local Ethics Committee of Guangdong General Hospital (No. GDREC2012119H). Informed written consent was obtained from all patients before their enrollment in this study.
Participants
Inclusion criteria were outpatients or in-hospital patients older than 18 years of age, undergoing antiplatelet therapy. At least, one of the following criteria should be met to identify patients with coronary heart disease: (a) history of MI; (b) more than 50% stenosis of at least one coronary artery diagnosed by CAG; (c) more than 50% stenosis of at least one coronary artery reported/prompted by multi-slice spiral computed tomography CAG; and (d) received PCI or coronary artery bypass grafting (CABG). Exclusion criteria were as follows: (a) patients with malignancy or severe comorbidity and life expectancy <6 months; (b) difficult to follow-up such as immigration, speech impediment, and mental disorders, and (c) participating in an intervention study. We excluded patients who refused participation in the study when contacted for follow-up.
Settings
All procedures were performed with standard coronary intervention technique. The choice of CM was at the discretion of the operating physician within the dictates of the individual hospital policy. Based on the lesions and the patients' other conditions, the choices of guiding catheter, guiding wires, balloon catheters, stents, and procedural approaches were not influenced by strict local rules but was left to the discretion of the operators according to the individuals' experiences and clinical guideline. The contrast volume and types were left to the interventional cardiologist's discretion and depended on the patient's condition. Doppler echocardiography was performed and left ventricular ejection fraction was calculated in all patients.
Variables
The prespecified primary outcome measures included major adverse cardiovascular and cerebrovascular events (MACCE) and bleeding events at 1-year follow-up. MACCE was defined as all-cause mortality, nonfatal MI, stroke, or revascularization. [11] [12] [13] All-cause mortality was traced from hospital records, follow-up visits, and a national vital record database. Death was regarded as cardiac in origin unless obvious noncardiac causes could be identified. Sudden death was defined as unexplained death in previously stable patients. Nonfatal MI was diagnosed according to the universal definition. The diagnosis of MI was based on signs or symptoms consistent with myocardial ischemia, electrocardiogram changes, and creatine kinase and creatine kinase MB isoenzyme (mass) levels. Events compatible with the occurrence of an MI were retrospectively adjudicated by a senior cardiologist who was unaware of observed cardiac troponin T levels while evaluating the imaging records. Stroke was defined as an episode of neurological dysfunction caused by focal cerebral infarction, with subsequent confirmation by imaging. Bleeding events were defined according to the Bleeding Academic Research Consortium (BARC)-defined bleeding classifications [14] including type 2 and 3 in the analysis.
Demographic, angiographic, and procedural data were collected from the hospital charts or databases in each center by independent clinical research coordinators, as previously described. The data were collected by a dedicated staff member and forwarded to the coordinating center. Medical records of all patients who underwent multiple procedures or CABG or died in hospital were reviewed to ensure data accuracy. Follow-up data were obtained from the hospital charts or by contacting patients or referring physicians. Clinical events, such as death, MI, stroke, revascularization, and bleeding, were adjudicated by the clinical event committee.
Statistical analysis
We divided the cohort into patients on the basis of CM volume of ≤100, 100-140, 141-200, and >200 ml. Continuous variables of each group are presented with the mean ± standard deviation (SD) (for normally distributed data) or median and interquartile range (for nonnormal distributions) and compared using one-way analysis of variance (ANOVA) or the Kruskal-Wallis test based on their distributions. Categorical variables are expressed as frequencies or percentages and compared using Pearson's Chi-square test or Fisher exact test. Multiplicity issues resulting from the pairwise comparisons were approached with the Bonferroni adjustment. P < 0.05 was considered statistically significant. Rates of MACCE and bleeding were calculated for these categories in the entire cohort. The risks of MACCE (all-cause mortality, nonfatal MI, stroke, or revascularizations) and all bleeding relative to different CM volume quartiles (median value based on the quartiles) were estimated in unadjusted and adjusted logistic regression analyses. In addition, 95% confidence interval (CI) and odds ratios (ORs) were presented together. Kaplan-Meier analysis was used to identify the cumulative incidence rates of 1-year outcomes, and the log-rank test was used to compare the groups. Time-to-event data were visualized by Kaplan-Meier curves for each group. Only the available rates were assessed, and cases with missing data were excluded from the study. All statistical calculations were performed using SAS version 9.3 (SAS Institute, Cary, NC, USA). The authors had full access to the data and take full responsibility for its integrity. All authors have read and approved the manuscript as written.
results
Between September 2012 and 2013, a total of 14,032 patients diagnosed with CAD underwent CAG/PCI. The remaining 10,961 patients composed the follow-up cohort to assess the association between contrast volume and incidence of MACCE and all-cause bleeding. Survival analysis was performed at 12 months after the index CAG/ PCI to assess the effects of contrast volume on 1-year clinical outcomes.
The mean age of the 10,961 patients (8128 men, 74.15%) was 60.7 years, and the patients were stratified into CM volume quartiles: ≤100, 101-140, 141-200, and >200 ml. Mean body mass index (BMI) of the patients was 24.63 kg/m 2 . A total of 178 of the patients (1.62%) died at 1-year follow-up. Baseline characteristics were significantly different among patients with varying CM volume. Table 1 shows the baseline demographic, clinical, biochemical, and angiographic characteristics of the patients according to the CM volume quartiles. In general, BMI of patients was significantly higher accompanying more use of CM volume (P < 0.001). The prevalence of hypertension and diabetes were higher accompany the more use of CM volume (P = 0.02 and P < 0.001, respectively). Patients with greater CM volume were more likely to have more complex lesions. Notably, there was no significant difference in the remaining baseline characteristics [ Table 1 ].
Patients were followed for 1 year after study entry. During follow-up, the primary composite endpoint occurred in 948 patients (8.65%), whereas bleeding events developed in 685 patients (6.25%). Patients with a higher volume of contrast volume had a higher incidence of MACCE, MI, revascularization, and bleeding (P < 0.001, P = 0.020, P < 0.001, and P < 0.001, respectively), but a similar stroke rate (P = 0.739). Table 2 shows the occurrence of MACCE and all-cause bleeding by quantiles of CM volume. The incidence of MACCE and bleeding events in patients who underwent PCI was associated with increasing CM volume. When the cohort was divided into quantiles of CM volume, the risk for MACCE and bleeding increased when the contrast volume exceeded and was dramatically elevated in patients with a contrast volume >200 ml [ Figure 1 ]. Notably, there was no significant difference in all-cause mortality, MI, stroke, BARC type 2 or 3 bleeding among the quartile of CM volume.
The incidence of the 1-year follow-up of clinical outcomes according to the CM volume quartiles is shown in Table 3 . To investigate the association between the CM volume and adverse event, logistic regression analysis was performed. After adjusting for all baseline characteristics, multivariate stepwise logistic regression analysis indicated that compared with a low CM volume quartile (Q1 as reference), the moderate and high CM volumes (Q2-Q4) were significantly associated with an increased risk of MACCE, revascularization, and all bleeding events [ Table 3 ].
After adjusting for baseline clinical and other procedural variables and for clustering, the increased CM volume had a significantly higher 1-year adverse events risk compared with Q1 (as reference). Using CM volume of Q1 as reference, CM volume of Q2-Q4 was significant to predict the risk for clinical outcomes (adjusted OR 95% CI: 1.06-1.58; 1.36, 95% CI: 1.09-1.69, respectively, P < 0.001) and was elevated in patients with increasing CM volume [ Figure 2 ].
The rate of 1-year MACCE was 8.65%, and the rate of all bleeding events was 6.25% in the overall patient group. The survival analysis showed that the 1-year MACCE rate was higher with increased CM volume compared to patients given less volume during the procedure (7.16%, 7.89%, 9.31%, and 11.73%, P < 0.001).
Among the 10,961 patients eligible for the survival analyses at 1 year, there were 948 patients (8.65%) with MACCE including 178 patients with all-cause death (1.62%), 117 patients with MI (1.07%), 146 patients with stroke (1.33%), 613 patients with revascularization (5.59%), and 685 patients (6.25%) with bleeding events. Patients with less contrast volume during angiography had better clinical outcomes. There was a significant incremental increase in the cumulative incidence of MACCE accompanying the increase of contrast volume [ Figure 3 ]. The incidences of all-cause death, MI, stroke, and revascularization in each group were as follows: 65 (1.58%), 36 (0.88%), 49 (1.19%), and 172 (4.19%) in quartile range 1; 21 (1.28%), 15 (0.92%), 21 (1.28%), and 88 (5.38%) in quartile range 2; 55 (1.53%), 37 (1.03%), 53 (1.47%), and 223 (6.19%) in quartile range 3; 37 (2.28%), 29 (1.79%), 23 (1.42%), and 130 (8.02%) in quartile range 4, respectively. These differences are presented graphically in Figure 3 in terms of the cumulative incidence of the primary endpoint in the four groups. There was no significant variation in the 1-year all-cause death rate and stroke rate across quartiles of contrast volume (P = 0.119 and P = 0.739). Kaplan-Meier curve analyses showed that the risk of MACCE, revascularization and all-bleeding events during follow-up increased accompanying the more CM volume quartiles [ Figure 3 ]. There was no significant variation in the 1-year all-cause death rate and stroke rate across quartiles of contrast volume (P = 0.119 and P = 0.739). In addition, no significant difference was observed in BARC bleeding type 2 (P = 0.158) or 3 (P = 0.613) according to the CM volume quartiles.
dIscussIon
The main finding of this multicenter, prospective, observant registry is that the CM volume is a simple tool that can help predict the 1-year clinical outcomes in patients with CAD undergoing CAG/PCI. The risk of MACCE, revascularization and all bleeding events are increased when the CM use was greater. Our findings corroborate and significantly extend prior work in the field. Because Figure 3 : Kaplan-Meier curves showing the cumulative probability of MACCE (a) (log rank P < 0.001), all bleeding (b) (log rank P < 0.001), stroke (c) (log rank P = 0.739), revascularization (d) (log rank P < 0.001), all-cause mortality (e) (log rank P = 0.117), and MI (f) (log rank P = 0.019) and according to the CM volume quartiles. MACCE: Major adverse cardiac and cerebrovascular event; CM: Contrast media; MI: Myocardial infarction. CM volume is routinely recorded and readily obtained for patients undergoing invasive cardiac procedures, it can be an easy construct to implement in clinical practice. Multiple moderate-sized studies have implicated CM volume as a key risk factor for CI-AKI in patients undergoing PCI and have supported the use of different threshold as the safe upper limit for contrast. Our study, however, focused on assessing the relationship between CM volume and 1-year clinical outcomes, whereas there was the development of CI-AKI or not. In this respect, the results from our data suggest that efforts to achieve better clinical outcomes need to focus on not only CM volume but also the clinical features underlying different CM volumes administer during CAG/PCI.
CVD is known as a significant cause of mortality, especially in patients with worse cardiac function and coronary culprits. Pre-existing subclinical atherosclerosis could potentially account for the observed increase in CVD mortality, even though in patients without typical symptoms and signs. Therefore, CAG remains a gold standard diagnostic tool for the CAD, and the numbers of cardiac intervention procedure are increasing year by year. Baseline comorbidity, hemodynamic instability, medications, complex lesions and additional patient-specific factors probably interact in a unique fashion to increase the risk of long-term outcomes for a given patient. We recruited real-life consecutive patients with CAD. The results from our study suggest that the baseline high-risk factors of CVD are rather different among CM volume quartiles.
The former studies suggested the amount of CM was found to be a predictor of mortality in patients who underwent CAG. Although an association between CM volume and death was previously reported, the relation between the clinical outcome during follow-up and CM volume has not been adequately studied. Current guidelines recommend the use of iso-osmolar CM as a preventive measure for high-risk patients especially those with chronic kidney disease and/or CVD. [15, 16] However, in reality, the choice of CM agents is largely influenced by several reasons including availability, hospital protocols, purchasing agreements, operator's preference, the presence of allergic reactions, cost, and expense. Apart from the selection of different CM, the impact of CM volume is highly variable between operators, making it even harder to control the appropriate CM volume merely out of prevention of adverse events. [17] It is fully studied that CM consists of hyperosmotic compounds, and CM injections directly affect the endothelium and inhibit NO production, leading to the deterioration of endothelium regulatory system. [4] It also causes changes in intracellular pH, mitochondrial dysfunction, and apoptosis. Zhang et al. [4] demonstrated that radiographic CM is related to apoptosis of human vascular endothelial cells, and they considered that this relation may be dependent on the osmolality of the CM and the chemical structure of this agents.
The amount of CM administered in CAG procedure is one of the most important causes of CI-AKI, ascribing to the nephrotoxicity of CM, which is related to high mortality and morbidity rates. [18] [19] [20] [21] [22] However, Caspi et al. [23] results are at odds with prior studies that reported a positive association between higher contrast volume and incident acute kidney injury (AKI) in patients undergoing primary PCI (pPCI). Moreover, previous randomized trials of complete versus lesion-only revascularization in patients undergoing pPCI indicated similar CI-AKI rates despite the higher contrast volume for the multivessel-PCI group. [24, 25] Recently, Kooiman et al. [26] reported that old age, baseline renal dysfunction, heart failure, or hemodynamic instability were major determinants of AKI risk for all ST-segment elevation MI (STEMI) patients. These results suggest that CM might not be accountable for most post-pPCI AKI events. Therefore, the predictive value of CM volume for clinical outcomes may not definitely be under the mechanism of CI-AKI. The association between CM use and CI-AKI, other renal complications, or dialysis has been demonstrated in prior studies of patients with CAD, and the risk markedly increases in the settings of acute MI. [27] [28] [29] Our analyses, however, have not been sufficient to establish a causal relationship between CI-AKI and worse 1-year clinical outcomes. In the present study, there was no significant association between contrast volume and 1-year mortality. AKI was strongly predictive of adverse outcomes; however, some study showed the impact of AKI on clinical outcomes was similar among patients with and without contrast exposure. These results suggest that contrast volume did not directly contribute to the increase in adverse events. Of note, risk variables that predicted prognosis were also strongly involving in greater CM use. Rudnick et al. [30] reported that most patients in observational studies had the underlying risk factors, which could directly increase CI-AKI risk, suggesting that CI-AKI is just a marker of increased mortality. However, we could not draw any definitive conclusion due to missing data or serum creatinine.
Caspi et al. [32] provided evidence that CM exposure might not be associated with increased rate of AKI by comparing STEMI patients undergoing pPCI with those treated with thrombolysis or without reperfusion (not exposed to CM). In an analysis of AKI events that accrued among propensity score-matched patients who were or were not exposed to CM, the rates of AKI were not significantly different. The slope of the creatinine rise over the first 72 h of hospitalization was similar in patients with and without CM exposure. In the radiology literature, these controlled studies demonstrated similar rates of AKI, dialysis, and death between patients in the groups that received CM and the control groups of patients who did not receive CM, underscoring the crucial need in a control group of participants who do not receive CM.
Based on the discussed evidence, higher CM use is associated with an increased long-term MACCE and all bleeding risk compared with lower CM use, whereas the long-term mortality, MI, and stroke risk are neutral. Greater CM volume is not the reason for the worse long-term outcome but is a marker for increased risk of adverse events.
Notably, our study revealed that CM volume was the predictor of MACCE, revascularization, and bleeding in patients undergoing cardiac catheterization. CVD is known as a significant cause of mortality in patients with chronic kidney disease in which subclinical atherosclerosis has already begun before end-stage kidney disease. Pre-existing subclinical atherosclerosis could potentially account for the observed increase in CVD mortality in patients with renal failure. Biyik et al. [31] conducted the study to assess the predictors of all-cause mortality in patients with an estimated glomerular filtration rate of <60 ml•min −1 •1.73 m −2
. It turned out the strongest predictor of total mortality that was found during this study is the amount of CM. It showed a contrast volume of >140 ml was found to be related to mortality. The amount of CM used in a CAG procedure is one of the most important causes of CI-AKI, which is related to high mortality and morbidity rates. There was no difference between survivors and non-survivors in terms of the development of CI-AKI.
The association of cardiovascular risk factors and complexity and severity of CAD with CM volume remains unknown. In our analysis, clinical and angiographic parameters were routinely collected and readily available at baseline characteristics. The percentage of complex lesions simply described the procedural feature in our study. Complex lesions consisted of chronic total occlusions, bifurcations, thrombotic lesions, diffuse lesions, and very small vessels. The ratio of complex lesions increased along with increased CM volume use. More recently, cardiac interventionists have devoted themselves to improve procedural technique, which resulted in significant reductions over time in fluoroscopy times, CM volumes, and numbers of catheters needed to complete the procedure. In contrast, growing in popularity among patient complexity has been anticipation that fluoroscopy time and CM volume may increase, along with the frequency and complexity of ad hoc PCI. [32] Bhatt et al. [33] demonstrated that besides coronary intervention (stent placement or angioplasty), the important predictors of CM volume were the extent of CAD, acuity or urgency of the event, and a maker of cardiac hemodynamics. Moreover, these clinical features are possibly the predictors of prognosis as well. Assali et al. [34] indicated that in the setting of contemporary catheter-based reperfusion strategy for acute MI, the extent of CAD, failure to achieve complete reperfusion, the amount of CM used during angioplasty, and deterioration of renal function following the procedure were significant factors related to mortality. Regarding insufficiency of our study, we did not address the association between the cardiovascular risk factors including procedural complexity abovementioned and 1-year outcomes.
The present study has certain limitations. First, as this prospective observational study was conducted at multiple research centers, selection bias is an inherent concern, and the evidence may not be as strong as that obtained from a randomized controlled trial. Although this might decrease the validity of our comparisons, registries are important for collecting real-life data on unselected patients. Second, we did not have serum creatinine data a few days or weeks to estimate the occurrence of CI-AKI and the information of the relevant administration during the follow-up period. Third, data on the type of contrast material were not available because of methodological limitations. Different CM has different iodine concentration. This measure is not routinely assessed in clinical practice, and these data were not available for this cohort. Fourth, measurement was not collected in a standardized fashion may have led to limited control over bias and confounding variables. Fifth, patients were excluded due to the absence of follow-up information, and this introduced potential selection bias. Finally, there might be some unmeasured confounders in spite of the adjustment, because baseline characteristics were significantly different among groups; however, after adjusting for all baseline characteristics, the ORs were still significantly associated with an increased risk of MACCE, revascularization, and all bleeding among quartiles of CM volume.
The total number of patients with MACCE and all bleeding was low, despite the overall large cohort, and our study might be underpowered to detect differences in the discriminatory ability of different dosing that were evaluated. In relation to the amount of CM given during cardiac catheterization, long-term survival has not been studied adequately to date.
In this study, a higher contrast volume was associated with a significantly higher MACCE, and bleeding rates in patients who underwent CAG. Our study supports the need for identifying the potential cardiovascular risk factors, evaluating the extent of CAD and minimizing the contrast dose in patients undergoing invasive cardiac procedures. Since this study is observational in nature and cannot ascribe causality, further randomized studies are needed.
